The role of disseminated intravascular coagulation (DIC) has not been extensively studied in patients with sepsis. A prospective study was performed in a single university hospital. The incidences of DIC at day 1 (<24 hours post-sepsis diagnosis) and day 3 (48 to 72 hours) were investigated among patients with sepsis. The International Society of Thrombosis and Haemostasis criteria for DIC were used. Among 381 patients initially screened, 219 were enrolled in this study and the incidences of overt DIC were 27.9% and 30.1% on day 1 and day 3, respectively. Patients with pneumonia had a lower incidence of DIC on day 1, but a higher hospital mortality rate compared to those with non-pneumonia sepsis. In multivariate models, although day 1 and day 3 DIC scores were not associated with hospital mortality after adjusting for existing severity scores, the change in DIC scores (odds ratio 1.862; 95% confidence interval 1.061 to 3.266) exhibited a significant association. Day 3 DIC scores were more accurate in predicting hospital mortality than day 1 DIC scores (P <0.001), especially in patients with non-pneumonia sepsis. However, DIC scores did not give additional discriminative power to the existing prognostic scores in predicting mortality of patients with sepsis. In conclusion, the change in DIC score was significantly associated with hospital mortality. Patients with pneumonia sepsis had a lower incidence of DIC on day 1, despite their higher disease severity and mortality rate, compared to those with other sources of sepsis.
Sepsis is a major cause of death worldwide, and an excessive host response in sepsis plays an important role in the occurrence of disseminated intravascular coagulation (DIC). Previously, DIC was known to arise in 35% of patients with severe sepsis and its occurrence is associated with worsening organ failure [1] [2] [3] . Although the understanding and management of sepsis has markedly improved over the past decades, effective treatments targeting DIC per se, are very limited 4 .
There has been an increased number of studies providing new insight into the role of coagulation activation in sepsis 5,6. Specifically, data from a well-controlled clinical trial, the Recombinant Human Activated Protein C Worldwide Evaluation in Severe Sepsis (PROWESS) study, demonstrated that abnormalities in biomarkers of coagulopathy, inflammation, and endothelial injury were apparent in patients with severe sepsis 7 . In surgical patients, following the first 48 hours of ICU admission, platelet counts tended to improve in survivors, but remained unchanged or worsened in non-survivors 8 . Similarly, other authors have also emphasised the importance of the dynamic evolution of coagulation markers because sepsisassociated coagulopathy can be subtle 9, 10 .
Without appropriate treatment during the early period, patients with sepsis can develop hypodynamic shock when tissue hypoperfusion and coagulopathy in the microcirculation progress (i.e. DIC) 11 . In addition, some experts suggest there is a period of time in which coagulation activation leads to a detrimental process (i.e. tissue damage) 6 . Therefore, in this study, we hypothesised that the occurrence of DIC at day 3 (48 to 72 hours post-sepsis diagnosis) would reveal prognostic information different from DIC at day 1, and that the incidence would also vary according to the origin of sepsis. To diagnose DIC, we used the International Society of Thrombosis and Haemostasis (ISTH) criteria, which have been prospectively validated 1, 12 . We investigated the impact of DIC scores (i.e. day 1, day 3, and the change between DIC scores [∆DIC]) on hospital mortality; we also compared these results with respect to different origins of sepsis.
Materials and methods

Study population
This prospective study was performed in a tertiary academic hospital (830 beds) from 1 August, 2010 to 31 July, 2012. Adult patients aged 18 years and older who were admitted to the medical ICU for sepsis (or severe sepsis or septic shock) were initially screened. Exclusion criteria were patients who had been receiving anticoagulation treatment, patients who died within 72 hours of sepsis diagnosis, patients with liver cirrhosis (≥ Child-Pugh B), cardiopulmonary resuscitation at ICU admission, refusal to consent, do-notresuscitate status, transfer to other hospital, uncontrolled haematologic malignancy or solid cancer, and use of steroid or immunosuppressant agents. However, patients were eligible if their cancers had been in complete remission for more than six months or if they were receiving a low-dose steroid (i.e., a dose of ≤10 mg/day prednisolone or equivalents). For the diagnosis of sepsis, the 2008 Surviving Sepsis Campaign guidelines were used. Sepsis was defined as the probable or documented presence of infection, together with systemic manifestations of infection; severe sepsis was defined as sepsis plus sepsis-induced organ dysfunction or tissue hypoperfusion; septic shock was defined as severe sepsis with hypotension despite adequate fluid resuscitation 13 . Community-acquired infections were defined as infections that occurred in the community or in hospital during the incubation period (<48 hours after hospitalisation). However, it was classified as a healthcare-associated infection if a patient met any of the healthcare-risk factors as described in a report by Friedman et al 14 . Hospital-acquired infections were defined as infections that occurred >48 hours after hospitalisation. This study was approved by the Hallym University Institutional Review Board (Approval No.: 2010-I060). We obtained written, informed consent from the patients or their legal representatives. All procedures that contributed to this work complied with the Helsinki Declaration of 1975 and its later amendments.
Clinical data
We collected the following data: age, gender, comorbid illnesses for the Charlson Comorbidity Index, sepsis origins, Simplified Acute Physiology Score II on admission, and Sequential Organ Failure Assessment (SOFA) scores on day 1 and day 3. Laboratory data, including routine chemistry and lactate, were also collected. For all enrolled patients, coagulation profiles (prothrombin time [PT], activated partial thromboplastin time, fibrinogen, and D-dimer) were collected. In terms of patient outcomes, we investigated the ICU mortality, as well as hospital and 30-day mortalities. In addition, we investigated the incidence of new thromboembolic events (stroke, myocardial infarction, ischaemic bowel disease, deep vein thrombosis and pulmonary embolism) during the hospital stay. None of the patients in this study received recombinant human activated protein C because it is not available in Korea.
DIC and SOFA scores
For the diagnosis of DIC, we used the ISTH criteria ( Table  1) , which were suggested by Taylor et al in 2001 12 . These criteria are based on four factors 1) platelet count, 2) fibrinrelated products (fibrin degradation products or D-dimer), 3) PT, and 4) fibrinogen. With regard to fibrin-related markers, we used D-dimer in this study 1, 3 . The total maximum DIC score was 8 and a score of ≥5 was defined as 'overt DIC'. We collected blood samples to determine the DIC score from all the patients on day 1 (0 to 24 hours post-sepsis diagnosis) and day 3 (48 to 72 hours post-sepsis diagnosis). If multiple tests were performed in a single 24-hour period, the most abnormal test was used to calculate the DIC score. The PT and D-dimer were measured with a STA-REvolution® (Stago Inc., Parsippany, NJ, USA) and their normal ranges were 11.5 to 14.0 seconds and 0 to 2.7 nmol/l, respectively. SOFA scores were also calculated using the most aberrant physiologic or laboratory results on day 1 and day 3 15 .
Data analysis
Primary outcomes were the association of day 1 and day 3 DIC scores as well as ∆DIC scores with hospital mortality. Secondary outcomes were the correlation between the DIC and SOFA-platelet (i.e. SOFA score omitting platelets) scores on day 1 and day 3, and the incidences of overt DIC by different sepsis origins (pneumonia versus urinary tract infection [UTI] versus non-pneumonia/non-UTI sepsis); we compared the incidences of overt DIC, rates of bacteraemia and hospital mortalities between these three groups. Data are expressed as means ± standard deviations or medians (IQRs) for continuous variables and as percentages for categorical variables. Student's t-test or one-way analysis of variance was performed for continuous data, and chi-square or Fisher's exact tests were used for categorical data. Multivariate analyses by logistic regression were performed with covariates significant (P <0.05) in univariate analyses to investigate risk factors for hospital mortality. A backward stepwise selection method (based on the likelihood ratio) was used, with P=0.05 to enter and P=0.10 to stay in the model. Receiver operating characteristic (ROC) curves were also generated to evaluate the performance of the DIC scores for predicting hospital mortality; we compared areas under the receiver operating characteristic curves using a method suggested by Hanley et al 16 . All reported P-values were two-sided, and P <0.05 indicated statistical significance. All analyses were conducted using the SPSS statistical software (IBM SPSS Statistics version 21, Armonk, NJ, USA).
Results
Study population
During the study period, a total of 381 patients were initially screened and among them, 219 patients were enrolled in this study ( Figure 1 ). The mean age was 72.5 ± 12.0 years and 44.7% of the patients were female. Patients with septic shock and severe sepsis accounted for 62.6% and 21.0%, respectively and among the sepsis origins, pneumonia (n=110; 50.2%), urinary (n=51; 23.3%), and biliary infections (n=36; 16.4%) were the most common. Among comorbidities, hypertension (51.1%) and diabetes (33.8%) were the most prevalent, and the mean Charlson Comorbidity Index was 5.3 ± 2.1. One hundred and fourteen patients (52.1%) had community-acquired infections, 50 patients had healthcareassociated infections, and 55 had hospital-acquired infections. Gram-positive organisms were identified from 62 patients and Gram-negative organisms were identified from 127 patients (other organisms, n=10; no organisms identified, n=20; 
DIC and SOFA scores
The mean DIC scores on day 1 and day 3 were 4.0 ± 1.2 and 4.0 ± 1.3, respectively, and the incidences of overt DIC were 27.9% (n=61) and 30.1% (n=66), respectively. In total, 39.7% of patients (n=87) developed overt DIC during the first 72 hours. The mean SOFA scores were 6.9 ± 3.4 for day 1 and 6.6 ± 4.1 for day 3. There was a modest correlation between DIC and SOFA-platelet scores on day 3 (Figure 2 ).
Pneumonia sepsis compared to other sepsis origins
Both day 1 and day 3 SOFA scores were highest in patients with pneumonia compared to UTI and non-pneumonia/non-UTI groups (day 1: 7.5 ± 3.5, 6.4 ± 3.0, 6.0 ± 3.2, respectively, P=0.012; day 3: 7.6 ± 3.9, 5.3 ± 4.2, 5.7 ± 4.0, respectively, P <0.001 [ Table 3 ]). However, the day 1 DIC score was lowest in pneumonia patients compared to the other two groups (3.8 ± 1.1, 4.2 ± 1.4, 4.2 ± 1.2, respectively, P=0.044), but there was no difference on day 3 among the three groups. The rates of overt DIC, bacteraemia, and hospital mortality are shown in Figure 3 . Pneumonia was associated with a lower incidence of overt DIC on day 1, but with a higher hospital mortality rate compared to the other groups. 
DIC scores and thromboembolic events
In total, 11 thromboembolic events (stroke, 4; myocardial infarction, 6; ischaemic bowel disease, 0; deep vein thrombosis, 0; and pulmonary embolism, 1) occurred during the hospital stay, but with no significant difference in the incidence rate between patients with overt DIC and those without (data not shown). However, patients with thromboembolic events had a higher fibrinogen concentration (18.8 ± 5.9 µmol/l versus 15.9 ± 5.6, P=0.030) and platelet count (212×10 9 [122 to 294] versus 139 [91 to 217], P=0.067) on day 1, compared to those without events.
DIC scores and hospital mortality
The ICU and hospital mortality rates were 26.0% and 27.4%, respectively, and the 30-day mortality rate was 26.9%. Among clinical and laboratory variables, PT (day 1 and 3), platelet (day 3), D-dimer (day 3), Charlson Comorbidity Index, pneumonia sepsis, bacteraemia, admission Simplified Acute Physiology Score II, DIC scores (day 1, 3, and ∆DIC), SOFA scores (day 1, 3, and ∆SOFA), mechanical ventilation, use of vasopressors, and continuous renal replacement therapy were significantly associated with hospital mortality according to the results of the univariate analyses (Tables 1 and 2 ). Using these significant variables, we conducted multivariate logistic analyses. In the final model, pneumonia, mechanical ventilation, use of vasopressors, continuous renal replacement therapy, SOFA score (day 3), and ∆DIC score (odds ratio, 1.862; 95% confidence interval, 1.061 to 3.266; P=0.030) were significantly associated with increased hospital mortality (Table 3) . When DIC scores were analysed as dichotomous variables (overt DIC), there was a suggestion that occurrence of overt DIC on day 3 was associated with hospital mortality, but this did not reach statistical significance (odds ratio, 2.843; 95% confidence interval, 0.844 to 9.578; P=0.092). 
Comparison of day 1 and day 3 DIC scores for predicting hospital mortality
Receiver operating characteristic curves for the performances of day 1 and day 3 DIC scores are shown in Figure 4 . When the area under the curve values were compared between day 1 and day 3 DIC scores, they were significantly different for all patients and patients with pneumonia sepsis or non-pneumonia sepsis. In particular, the area under the curve value for the day 3 DIC score was significantly higher in patients with non-pneumonia sepsis than in those with pneumonia origins. However, as shown in Table 4 , neither DIC scores nor any combination of scores outperformed the day 3 SOFA score for all patients.
Discussion
The current study has revealed several interesting findings. Firstly, the ∆DIC score was significantly associated with hospital mortality in patients with sepsis who survived 72 hours. Secondly, patients with pneumonia sepsis had a lower incidence of DIC on day 1, but had a higher SOFA score and mortality rate compared to patients with other sepsis origins. Thirdly, the day 3 DIC score more accurately predicted hospital mortality than the day 1 DIC score and may be a more useful prognostic indicator for patients with nonpneumonia sepsis than for those with pneumonia sepsis.
DIC, an extreme form of systemic activation of coagulation, is characterised by widespread microvascular thrombosis, which can compromise the blood supply to various organs (tissue hypoperfusion) 17 . Previously, Dhainaut et al showed that worsening coagulopathy during the first day of severe sepsis was associated with new organ failure and 28-day death 9 . Ferreira et al also demonstrated that during the early period of ICU admission, an increased number of organ failures was associated with poor hospital outcomes 18 . Therefore, although the treatment for DIC is still limited to supportive care, the diagnosis and management of DIC during the early stages of sepsis seem to be critical.
In the present study, about 40% of patients developed overt DIC during the first 72 hours of sepsis, which was similar to previous reports. However, the main finding of our study was that the ∆DIC score was significantly associated with increased hospital mortality. Although the continuous variable (day 3 DIC score) did not show a significant association in the multivariate model, which could have been partly because of the small number of patients, the occurrence of overt DIC on day 3 had a marginal tendency to be associated with hospital mortality. From these results, we suggest that the evolution of the DIC profile during the early period of sepsis might reflect the host response to infection, and appropriate initial treatments are very important. In a study by Dhainaut et al, the authors used 'composite coagulopathy score', which included changes in antithrombin, PT, and D-dimer levels 9 . Kinasewitz et al also used a 'simple evolving DIC score', which included changes in platelet count and PT levels 10 . Both studies showed that worsening scores reflected poor patient outcomes, and had several aspects in common with our study.
Additionally, we determined that the correlation between the DIC and SOFA-platelet scores tended to be stronger at day 3 than at day 1, and from our ROC curves, the day 3 DIC score predicted hospital mortality better than the day 1 score. These results indicate that the day 3 DIC score may be more useful than the day 1 score with respect to disease severity and prognosis. Considering the importance of implementing the appropriate treatment and the host response early during the treatment period, these results seem to be relevant. Traditionally, the lung has been one of the most common origins of sepsis, and pneumonia sepsis has been associated with high mortality. Therefore, several authors have studied the treatment effects of coagulation inhibitors, such as antithrombin (AT) and recombinant human soluble thrombomodulin, in patients with sepsis-associated DIC of pneumonia origin [19] [20] [21] . Tagami et al showed in their retrospective, large, nationwide database study that AT treatment was associated with a reduction in the 28-day death rate in patients with pneumonia sepsis and DIC 20 . In their study, the 28-day mortality rate was 44.3%, which is similar to our result (41.8%). In our study, although pneumonia sepsis was associated with a higher disease severity (on day 1 and day 3) and higher hospital mortality rate, it was associated with a lower DIC score and a lower prevalence of overt DIC on day 1, compared to nonpneumonia sepsis patients. Although coagulation inhibitors (e.g., AT III, protein C, and protein S) were not tested in our study, it is likely that sepsis-associated coagulopathy may be subtle in pneumonia sepsis patients, or that the ISTH criteria for DIC on admission day might not accurately reflect the disease severity in cases of pneumonia sepsis. However, previously, many experts believed that the pathophysiology and mortality rate of DIC could vary depending on different sites of infection 22, 23 . Some studies also showed a significant heterogeneity among endothelial cell phenotypes throughout the vascular tree, and organ-specific variations of haemostasis among different organs 24, 25 .
Another finding in this study was that the DIC score was more accurate at predicting hospital deaths in nonpneumonia sepsis patients than in cases of pneumonia sepsis. In particular, the 95% confidence intervals of the day 3 DIC scores in the ROC curves did not overlap between pneumonia and non-pneumonia sepsis. Therefore, it is possible that the ISTH criteria for DIC (day 3 DIC score) can more accurately discriminate between survivors and non-survivors in patients who acquired sepsis from non-pneumonia origins. The inferior performance of the DIC score in pneumonia sepsis could be, in part, explained by the low incidence of overt DIC, despite having a higher mortality. However, we observed that the DIC score, whether alone or in combination with other scores, was not superior to existing scoring systems.
Recent data suggest that no thromboprophylaxis within 24 hours of ICU admission is associated with an increased risk of death 26 . Although our study was not blinded for treatments or the results of the DIC scores, the incidence of thromboembolic events was independent of the occurrence of overt DIC. However, patients with thromboembolic events had higher fibrinogen levels on day 1, compared to those without such events. This result is consistent with the results of a study by Ho et al, showing that platelet and fibrinogen concentrations are associated with increased thrombotic and bleeding risks in vitro 27 . Importantly, there is also growing evidence that coagulation activation may be beneficial for bacterial clearance, as opposed to the traditional concept of DIC in sepsis (tissue damage). Some experts insist that coagulation is an essential part of the innate immune system and that appropriate haemostasis contributes to pathogen clearance by forming a physical barrier 5, 6 . They suggest that there may be a period of time when coagulation activation changes from a beneficial to a harmful process during sepsis. Therefore, physicians should be aware of this ongoing paradigm shift to better understand the pathophysiology of DIC in sepsis. This insight may help researchers to obtain promising results in future clinical trials.
There are several limitations to this study. Firstly, our study was small and there may have been an unidentified bias. Therefore, a well-designed, large-scale study is needed to elucidate the evolution of DIC among different sepsis origins. Secondly, as mentioned above, we did not test other coagulation inhibitors, such as AT III, protein C and protein S. These tests, if used, would have strengthened the robustness of our study. Finally, unlike other studies that included only patients with severe sepsis or septic shock, we included patients with sepsis, which might explain why we could not demonstrate the significance of DIC in some of the outcomes in this study. However, the strength of our study is that we collected data from sepsis patients prospectively and demonstrated several meaningful findings regarding the DIC score, after controlling for important confounders (preexisting severity scores) in the multivariate analysis.
Conclusions
In conclusion, the ∆DIC score was significantly associated with hospital mortality in patients with sepsis. Specifically, patients with pneumonia sepsis had a lower incidence of DIC on day 1 despite their higher disease severity and mortality rates, compared to those with other sepsis origins. In addition, the day 3 DIC score predicted hospital deaths more accurately than the day 1 score. The day 3 DIC score might be a more useful indicator for patients with non-pneumonia sepsis than for those with pneumonia. However, the DIC score did not provide additional discriminative power over existing scoring systems.
